First published March 25, 2015; doi:10.1152/ajpcell.00322.2014] is the sixth-most-common cancer in the United States, and its incidence is increasing. The current progression-free survival for patients with advanced RCC rarely extends beyond 1-2 yr due to the development of therapeutic resistance. We previously identified peroxisome proliferator-activating receptor-␣ (PPAR␣) as a potential therapeutic target for this disease and showed that a specific PPAR␣ antagonist, GW6471, induced apoptosis and cell cycle arrest at G0/G1 in RCC cell lines associated with attenuation of cell cycle regulatory proteins. We now extend that work and show that PPAR␣ inhibition attenuates components of RCC metabolic reprogramming, capitalizing on the Warburg effect. The specific PPAR␣ inhibitor GW6471, as well as a siRNA specific to PPAR␣, attenuates the enhanced fatty acid oxidation and oxidative phosphorylation associated with glycolysis inhibition, and PPAR␣ antagonism also blocks the enhanced glycolysis that has been observed in RCC cells; this effect did not occur in normal human kidney epithelial cells. Such cell type-specific inhibition of glycolysis corresponds with changes in protein levels of the oncogene c-Myc and has promising clinical implications. Furthermore, we show that treatment with GW6471 results in RCC tumor growth attenuation in a xenograft mouse model, with minimal obvious toxicity, a finding associated with the expected on-target effects on c-Myc. These studies demonstrate that several pivotal cancer-relevant metabolic pathways are inhibited by PPAR␣ antagonism. Our data support the concept that targeting PPAR␣, with or without concurrent inhibition of glycolysis, is a potential novel and effective therapeutic approach for RCC that targets metabolic reprogramming in this tumor. metabolomics; peroxisome proliferator-activating receptor-␣; reprogramming; kidney cancer WE INITIALLY UTILIZED URINE from patients with kidney cancer [also known as renal cell carcinoma (RCC)] and also performed mouse xenograft metabolomics studies to identify peroxisome proliferator-activating receptor-␣ (PPAR␣) as a novel therapeutic target for this disease (1, 8) . In addition to altered levels of acylcarnitines, which were identified in urine from RCC patients (7), the mouse xenograft study demonstrated a signature of PPAR␣ alterations, in that the only metabolites that were altered consistently in all three "matrices" [nicotinamide and cinnamoylglycine in tissue, serum, and urine (8)] were previously shown to be altered by a specific PPAR␣ agonist (31). Taken together, these findings suggest that PPAR␣ may be involved in RCC tumorigenesis through its effects on reprogrammed metabolic pathways and prompted us to further explore this nuclear receptor as a possible therapeutic target for advanced RCC, a disease for which there are few satisfactory treatment options.
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PPAR␣ is a member of the steroid hormone receptor superfamily. As occurs with other steroid hormone receptors, upon ligand activation, the PPARs heterodimerize with the retinoid X receptor, bind to the specific promoter sequence (the peroxisome proliferator response element), and, as a result, trigger the expression of a variety of target genes, including those involved in glucose, lipid, and amino acid metabolism (18) . Fatty acid synthase (FAS), which is highly expressed in many tumors of the urinary tract (13) , including RCC (14) , and its downstream fatty acid reaction products are the endogenous ligands for PPAR␣, since selective inactivation of FAS impairs PPAR␣-dependent gene expression (4) . In addition, liverspecific inactivation of FAS results in mice with decreased PPAR␣-dependent gene expression and a phenotype resembling PPAR␣ deficiency (5) . Given that fatty acids are present in cell culture media (with FBS) as well as in the mouse, PPAR␣ is basally activated under living conditions in vitro and in vivo. While tumor suppression by PPAR␣ inhibition has been reported in some cancers, including melanoma (12) and glioblastoma (16) , excessive PPAR␣ activation has also been found to lead to progression of tumor growth in other cancers, including hepatocellular carcinoma (22) and breast cancer (24) .
To begin to determine the relevance of PPAR␣ to RCC, we previously evaluated this receptor in vitro and showed that PPAR␣ inhibition results in cell cycle arrest and induction of apoptosis in several RCC cell lines, with a pronounced dependence on histological grade of expression and a synergistic effect with glycolysis inhibition (1) . The current study extends and supplements this work to focus on specific cancer-relevant metabolic pathways germane to PPAR␣ signaling in RCC. We previously showed that aerobic glycolysis to lactate is overactive in RCC (21), a finding that had been postulated to be due to elevated hypoxia-inducible factor activity (15) and is consistent with the Warburg effect (28) . We now show that, in RCC cells, inhibition of glycolysis stimulates fatty acid oxidation (FAO) and oxidative phosphorylation (OXPHOS) and that PPAR␣ inhibition attenuates the enhanced FAO and OXPHOS associated with such glycolysis inhibition. We further show that PPAR␣ antagonism blocks glycolysis in RCC cells, but not in normal renal tubular epithelial cells, and that this difference is associated with corresponding changes in protein levels of the oncogene c-Myc. These data, taken together with the in vivo data also reported here in an RCC xenograft mouse model showing a PPAR␣ inhibitory effect on tumor growth comparable to that of treatment with sunitinib, suggest a new potential target for therapy of advanced RCC that targets metabolic reprogramming.
MATERIALS AND METHODS

Cell Lines
The RCC cell lines, Caki-1 and 786-O, were obtained from the American Type Culture Collection (Rockville, MD); the "normal human kidney" (NHK) proximal tubular epithelial cell line was obtained from Lonza (Basel, Switzerland). NHK, 786-O, and Caki-1 cells were maintained in DMEM supplemented with 10% FBS, 100 U/ml streptomycin, and 100 mg/ml penicillin (complete medium) at 37°C with 5% CO 2.
Materials
The PPAR␣ antagonist GW6471 (Tocris, Bristol, UK) was dissolved in DMSO vehicle. It was used at 25 M, an inhibitory dose established in our previous publications (1, 8) , in all RCC cell lines utilized in the current study. 2-Deoxy-D-glucose (2-DG), MTT solution, mouse monoclonal anti-␤-actin antibody fatty acid-free BSA, and potassium palmitate-d 31 were obtained from Sigma (St. Louis, MO); sunitinib from LC Laboratories (Woburn, MA); rabbit polyclonal anti-c-Myc antibody from Cell Signaling Technology (Beverly, MA); rabbit polyclonal anti-PPAR␣ antibody from Abcam (Cambridge, MA); goat anti-mouse and goat anti-rabbit HRP-conjugated IgG from Bio-Rad (Hercules, CA); ECL Plus solution from Thermo Fisher Scientific (Waltham MA); specific PPAR␣ and scrambled control siRNA from Qiagen (Gaithersburg, MD); and T-PER from Thermo Scientific for tissue protein extraction.
Glucose Measurement
NHK and RCC cells were cultured in six-well plates with complete medium. After 24 h, the cells were washed with PBS and incubated for another 24 h in DMSO (0.5%) or 5 mM 2-DG in complete DMEM containing 5 mM glucose. For glucose measurement, 500 l of the medium were collected from each group in the previous conditions for all cell lines. The medium was processed on a desktop centrifuge for 5 min to eliminate floating cells and debris. Glucose was measured using the Roche cobas c501 analyzer (6000 series) at the Clinical Diagnostic Laboratories in the University of California, Davis, William R. Pritchard Veterinary Medical Teaching Hospital.
FAO Analysis
Cell culture and media collection. NHK and RCC cells were cultured in six-well culture plates with complete medium (2.0 ml/ well). After 24 h, the cells were washed with PBS and incubated in 2.5% DMSO, 25 M GW6471, 5 mM 2-DG, or GW6471 ϩ 2-DG in complete medium (2.0 ml/well) containing 200 M potassium palmitate-d 31 conjugated with BSA (3 replicates for each treatment). After 24 h, 1.5 ml of the medium were collected, centrifuged for 5 min to eliminate cells and debris, and kept at Ϫ80°C until analysis.
Deuterium enrichment of cell medium. Water was isolated from the cell medium by microdistillation at 45°C in a refrigerated (4°C) environment. The deuterium content of the distillates was determined using a Thermo Finnigan high-temperature conversion/elemental analyzer coupled with a Thermo Finnigan MAT 253 isotope ratio mass spectrometer via a ConFlo III interface. The deuterium isotope abundance was calculated in ␦ 2 H values relative to the International Vienna Standard Mean Ocean Water standard. Water enrichment results were used to calculate palmitate oxidation rates, which were then normalized to 400,000 cells/well.
Oxidative Metabolism Measurements
Oxygen consumption rates (OCR) were measured using an extracellular flux analyzer (model XF24, Seahorse Bioscience, Chicopee, MA). For experiments utilizing GW6471 or 2-DG, cells were pretreated 30 min before the plate was run on the XF24 analyzer. OCR data represent the calculated average from six wells per group.
Lactate Measurement
An absorbance-based Lactate Assay Kit II (Biovision, Milpitas, CA) was used following the manufacturer's protocol. Briefly, an equal number of cells were seeded in 24-well plates and allowed to settle for 24 h before specific treatments were applied. At the end of the specified treatment times, the cells were standardized using viable cell counts. The medium and cells were mixed with the respective kit reaction mixtures, allowed to sit at room temperature for 30 min, and then read at 450-nm optical density with a microplate reader. The kit allows for quantification of the amount of L-lactate in the samples by generation of a product that interacts with a probe to produce color.
Immunoblotting
Immunoblotting was performed as previously described (1, 8) . Briefly, after the indicated treatments, the cells were washed with PBS, lysed, and subjected to immunoblotting. For the xenograft tissue tumors, proteins were extracted with T-PER. The membranes were blocked in 5% nonfat dry milk for 1 h at room temperature, incubated with the designated antibodies, and then probed with HRP-tagged anti-mouse or anti-rabbit IgG antibodies. The signal was detected using ECL Plus solutions. Densitometry was performed using ImageJ software.
siRNA Transfection
Cells were plated in 6-well plates for FAO experiments or 24-well plates for lactate measurement experiments. After 24 h, cell monolayers at ϳ75% confluency were subjected to PPAR␣-specific siRNA or negative siRNA transfection. The transfection mixture was prepared in Opti-MEM GlutaMAX medium (Invitrogen, Carlsbad, CA) with siRNA and Lipofectamine RNAiMAX according to the manufacturer's protocol. The final concentration of siRNA added to the cells was 100 nM. The cells were cultured in the presence of transfection mixture for 24 h; on the following day, the transfection mixture was replaced with fresh DMEM, and cell culture was pursued for an additional 48 h. Extra wells were made for each experiment and collected for PPAR␣ protein quantification by Western blotting to ensure that the transfections were successful.
In Vivo Study
All animal procedures were performed in compliance with the University of California Animal Care and Use Committee. Male athymic Nu/Nu mice (8 wk of age, ϳ25 g body wt) were injected with 1 ϫ 10 5 Caki-1 cells subcutaneously (3:1 DMEM-Matrigel) in the flank region. Tumor progression was monitored weekly by calipers using the following formula: tumor volume (in mm 3 ) ϭ (length ϫ width 2 )/2. When tumor size reached ϳ80 -100 mm 3 , animals were randomly assigned to four groups and treatments were started (day 1). The vehicle group received DMSO (4% in PBS) intraperitoneally and vegetable oil via oral gavage. The PPAR␣ group was injected intraperitoneally with GW6471 in the same vehicle [20 mg/kg body wt; murine dose response is reported elsewhere (6)] every other day. The sunitinib group received sunitinib in vegetable oil via oral gavage (40 mg/kg body wt) 5 days/wk (29). Another group received GW6471 ϩ sunitinib as described above. To determine any potential toxicity of the treatment(s), body weights of the animals were measured and signs of adverse reactions were monitored. On day 28, the mice were euthanized and the tumor mass was determined. Tumor growth rate was calculated as follows: tumor volume on day x/tumor volume on day 1. Serum samples collected from mice at the end of the experiment were analyzed using the Roche cobas c501 analyzer (6000 series) at Clinical Diagnostic Laboratories in the University of California, Davis, using the Small Animal Chem 2 panel. Frozen tumor tissues were also collected at the end of the experiment and homogenized and extracted in T-PER for c-Myc quantification by Western blotting.
Statistical Analysis
Mean values were compared using the independent-samples t-test; P Ͻ 0.05 was considered significant. Significant differences in OCR in 786-O and Caki-1 cells treated with GW6471 and 2-DG were determined by ANOVA followed by Tukey's test; P Ͻ 0.05 was considered significantly different.
RESULTS AND DISCUSSION
Glycolysis Inhibition Results in Enhancement of FAO, Which Is Significantly Decreased by PPAR␣ Inhibition
Inhibition of the FAO metabolic pathway has shown promising results for therapy of prostate cancer (10, 17) , and pharmacological inhibition of FAO sensitizes human leukemic cells to apoptosis (23) . In addition, proteins involved in FAO, such as carnitine palmitoyltransferase I, have been shown to have an antiapoptotic function that has been attributed to cross talk with proapoptotic proteins (11, 20) . However, despite its "clear" cytosol on histology, likely representative of high glycogen, triglyceride, and cholesterol content (hence, the appellation of the most common form of RCC as "clear cell" RCC) (26) , the role of FAO in RCC cell survival has not been thoroughly examined. Our previous work showed that blocking glycolysis sensitized RCC cells to loss of viability after PPAR␣ inhibition (1), suggesting that these cells are able to switch between the glycolysis and FAO pathways in response to metabolic stressors (8) and that FAO serves as an alternative energygenerating pathway when the normally overactive (in RCC) glycolysis pathway is inhibited. Accordingly, these two energy pathways have high relevance to RCC metabolism and survival and are worthy of further study in this context. To begin to evaluate the nature of the FAO pathway and the energy reprogramming that exists in RCC, with an eye toward the discovery of novel therapeutics, we used an in vitro assay of palmitate oxidation to determine how FAO is related to glycolysis in RCC and in "normal" renal epithelial (NHK) cells. We first evaluated the effects of the chemical tools to be used in the subsequent experiments: the glycolysis inhibitor 2-DG and a PPAR␣-specific siRNA, the latter to check for specificity of GW6471 for PPAR␣ inhibition. When the cells were incubated with 2-DG, there was a marked decrease in glucose uptake, as shown by no change in media glucose under these conditions compared with control cells grown in the absence of 2-DG (Fig. 1A) . In Caki-1 and NHK cells transfected with a siRNA specific to PPAR␣, levels of PPAR␣ protein decreased after 72 h (Fig. 1B). (Transfection of the 786-O RCC cell line was not successful.) Since GW6471 is a competitive inhibitor of PPAR␣, use of the siRNA is most appropriate for demonstrating specificity of GW6471 to PPAR␣ in vitro.
Upon incubation with 2-DG to attenuate glycolysis, FAO was significantly increased at 24 h in both RCC cell lines but not in NHK cells ( Fig. 2A) , supporting the concept that RCC cells are reprogrammed to be highly dependent on aerobic glycolysis (the Warburg effect) at baseline (15, 21) but that normal kidney epithelial cells, from which RCC are derived, are not. Inhibition of PPAR␣ using GW6471 ϩ 2-DG showed nearly complete abolition of FAO in Caki-1 cells, a significant decrease in FAO in 786-O RCC cells, and a trend toward a decrease in FAO in NHK cells; since these RCC cells were not able to "escape" glycolysis inhibition in the presence of PPAR␣ inhibition by utilizing FAO, this finding suggests obvious clinical utility with combined therapy of PPAR␣ and glycolysis inhibition. Furthermore, the finding that GW6471 showed a trend toward an increase in FAO in Caki-1 cells suggests that this inhibitor might also affect glycolysis itself (see below). Caki-1 and NHK cells showed similar changes, with cells transfected with PPAR␣-specific siRNA (Fig. 2B) , confirming specificity of GW6471.
The finding that FAO in NHK cells was not significantly different from the control group in most conditions evaluated suggests that the normal renal epithelial cells may be less dependent on a single energy pathway (i.e., aerobic glycolysis) and further suggests that PPAR␣ inhibition would be less toxic in normal kidney epithelial cells than RCC cells in vivo. Furthermore, the data confirm that RCC cells are highly dependent on glycolysis and are unable to adapt by maintaining FAO upon PPAR␣ inhibition; hence, a clinically useful PPAR␣ inhibitor would be expected to be associated with fewer adverse effects once translated to the clinic.
OXPHOS in RCC Cells Is Attenuated by PPAR␣ Inhibition but Lacks Synergy With Glycolysis Inhibition
Nonmalignant cells under nonhypoxic conditions, in which glycolysis is a mitochondrial process utilizing the tricarboxylic acid (TCA) cycle and the electron transport chain, rely primarily on mitochondrial OXPHOS to generate ATP for cellular energetic processes; on the other hand, many cancer cells display enhanced aerobic glycolysis (pyruvate-to-lactate conversion, the Warburg effect) at the expense of OXPHOS capacity (30) . In fact, glycolysis and OXPHOS are tightly coupled in normal cellular metabolism and serve as a molecular interconversion system (27) . In "normal" aerobic metabolism in nonmalignant cells, glyco- lysis occurs in the cytoplasm, leading to generation of pyruvate, which in turn is a fuel for OXPHOS in the mitochondria via the TCA cycle; FAO is also a major provider of OXPHOS intermediates. ␤-Oxidation of fatty acids consists of a series of cyclical reactions resulting in the shortening of fatty acids by two carbons per cycle. These reactions occur in mitochondria (short-and long-chain fatty acids) and peroxisomes (very-long-chain fatty acids) and generate acetyl-CoA, which can also feed the TCA cycle and, thereby, contribute to OXPHOS. We next probed the nature of the OXPHOS response under conditions of glycolysis inhibition to determine whether RCC cells are able to upregulate OXPHOS under these conditions, a reprogramming condition that might make them responsive to PPAR␣ inhibition.
RCC cells were incubated with 2-DG, GW6471, or 2-DG ϩ GW6471, and the OCR, a proxy for OXPHOS (30), was measured. Similar to the FAO experiments, RCC cells incubated with 2-DG to inhibit glycolysis showed increased OXPHOS levels (Fig. 3) , likely because they were highly dependent on glycolysis at baseline (as shown by FAO measurements; Fig. 2 ) and were thus required to switch their metabolism to FAO and/or amino acid oxidation upon glycolysis inhibition. However, in contrast to the effect on FAO, in RCC cells, incubation with 2-DG ϩ GW6471 did not significantly reduce levels of OXPHOS compared with control cells, likely due to the contribution of amino acid or other nonglycolytic metabolic pathways (e.g., glutamine metabolism) to OXPHOS (but not to FAO). Thus, while PPAR␣ inhibition combined with glycolysis inhibition markedly attenuated FAO, the same cannot be said for OXPHOS, because the latter process is downstream of several interrelated metabolic pathways, in contrast to glycolysis. Furthermore, PPAR␣ inhibition alone significantly attenuated OXPHOS, but not FAO, in both cell lines, when measured under the same conditions. This was likely due to additional OCR reduction at the peroxisomal level by GW6471 (due to inhibition of very-long-chain fatty acid ␤-oxidation) and, consequently, the decrease in acetyl-CoA input to the TCA cycle.
PPAR␣ Inhibition Blocks Glycolysis in RCC, but not NHK, Cells and Is Correlated With c-Myc Expression
Because of the Warburg effect (9, 25), which has been shown to be prominent in RCC cells (Fig. 2) (21) , most of the pyruvate produced by RCC cells is reduced to lactate by lactate dehydrogenase in the cytoplasm, regardless of oxygen availability, and then lactate is excreted into the extracellular space through monocarboxylate transporters (2) . By contrast, in normal renal epithelial (NHK) cells, which are not prone to the Warburg effect, pyruvate reduction would be expected to occur only under anaerobic conditions.
To evaluate the role of PPAR␣ inhibition in glycolysis under "normal" nonhypoxic conditions, RCC and NHK cells were incubated with GW6471, 2-DG, or 2-DG ϩ GW6471, and, after 24 h, the lactate produced concurrently in cells and medium was determined as an assay of aerobic glycolysis (pyruvate-to-lactate conversion). Parallel experiments were conducted with a siRNA specific to PPAR␣. As expected, lactate levels in cells and medium were reduced in all cell lines upon inhibition of glycolysis by 2-DG (Fig. 4,  A and B) , consistent with the lower uptake of glucose from the medium (Fig. 1A) , which confirms that glucose metabolism results in a considerable amount of lactate in RCC cells and a lesser amount in normal epithelial cells. However, PPAR␣ inhibition alone (using GW6471 or PPAR␣-specific siRNA) decreased lactate levels in both RCC cell lines, but not in normal (NHK) cells (Fig. 4, A and B) , confirming our finding of high basal dependence of RCC, but not NHK, cells on aerobic glycolysis or on diversion of pyruvate into nonglycolysis mitochondrial oxidation pathways consequent to inhibition of FAO. These findings additionally suggest a potential beneficial effect of PPAR␣ inhibition on glycolysis, specifically in RCC, in addition to its effect on FAO (Fig. 2) , as evidenced by its concurrent effect on lactate production in cells highly dependent on the Warburg effect.
In most cancer cells, increased glucose uptake and enhanced glycolytic flux result from hyperactivity of the protein product of the oncogene c-Myc (19) . Our previous work showed that the PPAR␣ antagonist GW6471 resulted in downregulation of c-Myc (1), which would be expected to contribute to the beneficial effect of PPAR␣ inhibition in cancer. We next asked whether c-Myc is linked to the glycolysis data in the normal and RCC cell lines as a potential mechanism for the metabolic differences between malignant and normal renal epithelial cells. After 24 h of incubation with GW6471, c-Myc showed a trend toward an increase in protein levels in NHK cells and a significant decrease in both RCC cell lines (Fig. 4C) , suggest- ing that PPAR␣ inhibition is mediating its downstream effects via c-Myc and intimating an explanation of the difference in GW6471-mediated lactate levels between RCC and normal epithelial cells.
In Vivo Treatment of a Xenograft Mouse Model With the PPAR␣ Antagonist GW6471 Attenuates RCC Growth
To test the antitumor activity of PPAR␣ antagonism in vivo, we used a subcutaneous xenograft mouse model. Caki-1 cells were implanted subcutaneously in nude (Nu/Nu) mice. After tumor masses reached ϳ5 mm in diameter, GW6471 was administrated intraperitoneally every other day for 4 wk at a dose (20 mg/kg mouse body wt) that was described to be effective in an in vivo dose-response study (6) and confirmed here to be efficacious. Sunitinib, an drug approved by the US Food and Drug Administration for metastatic RCC, was used alone at a dose that was previously reported effective in mice (29) was confirmed in the present study as a positive control or in combination with GW6471 to evaluate synergistic effects on tumor growth. There were significant differences in tumor growth between vehicle-and GW6471-treated animals (Fig. 5) , with results comparable to those from the sunitinib-treated group; no synergy was detected when sunitinib and GW6471 were administered together. Similar results were obtained with Results from analysis of serum from 4 randomly selected vehicle (Cont1, Cont2, Cont3, Cont4) and 4 randomly selected GW6471-treated (GW1, GW2, GW3, GW4) animals with the Small Animal Chemistry Panel 2. Values show no differences between control and GW6471-treated animals. BUN, blood urea nitrogen; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CK, creatine kinase; GGT, ␥-glutamyltransferase. cont2  cont3  cont4  cont5  cont6  cont7  cont8  GW1  GW2  GW3  GW4  GW5  GW6  GW7  GW8 cMyc/βActin proteins were extracted using T-PER, and 40 g of total protein from each sample/lane were used for immunoblots for c-Myc, a known target of PPAR␣, and ␤-actin, a loading control. Two separate gels were run. B: results from immunoblots were quantified by densitometry. C: means Ϯ SE (n ϭ 8 experimental and 8 controls, both gels) of results in B. *P ϭ 0.0019.
an orally available PPAR␣ inhibitor (data not shown) structurally related to published compounds (3) . No toxicity was observed at the doses of GW6471 based on weights of the animals (Fig. 6) , and laboratory values, including kidney and liver function tests, were not adversely affected (Table 1) . To demonstrate on-target effects of GW6471, we evaluated c-Myc levels in the tumors, which showed significant decreases in the GW6471-treated animals (Fig. 7) . Given that no adverse effects were observed in these animals and that sunitinib is associated with very high levels of drug resistance, we propose PPAR␣ as a potential novel drug for RCC that, since it targets reprogrammed tumor metabolism, is likely to be associated with minimal resistance.
Conclusion
Our group initially identified PPAR␣ from nontargeted metabolomics as a potential new target for RCC (1) . In the current study we have extended our previous work to show that GW6471, a specific antagonist of PPAR␣, decreases FAO in the presence of glycolysis inhibition in RCC cells and has a predilection for RCC cells over normal renal tubular epithelial cells. The combined effect of simultaneous administration of PPAR␣ and glycolysis inhibition is likely due to inhibition of ␤-oxidation in a FAO-preferential state, and the glycolysis inhibition by PPAR␣ inhibition is likely mediated by c-Myc. Furthermore, in vivo activity of GW6471 with respect to tumor attenuation is equivalent to that of sunitinib, with no adverse effects and appropriate on-target findings. Thus, PPAR␣ inhibition is a promising new therapy for RCC, acting upon two arms of energy metabolism.
